Objective: Although under-five mortality (U5M) is declining in India, it is still high in a few selected states and among the 33 scheduled caste (SC) and scheduled tribe (ST) population of the country. This study re-examines the association between castes and 34 U5M in high focus Indian states following the implementation of the country's National Rural Health Mission (NRHM) program. In 35 addition, we aim to quantify the contribution of socioeconomic determinants in explaining the gap in U5M between the SC/ST population 36 and non-SC/ST population in high focus states in India.
142
socioeconomic characteristics was in explaining the gap in U5M between the caste groups in the country, if the caste-based gap in U5M 143 were to continue. To our knowledge, these questions had not previously been answered in recent literature. Therefore, we aimed to extend 144 the previous knowledge on caste disparity in several directions. First, we re-examined the association between caste and U5M in the high 145 focus states. Our study is exclusively based on high focus states in north-central and eastern India, which contributed nearly 46% of the 146 total number of under five deaths between 2005 and 2015 and were found to be lagging behind in terms of achieving the SDG goals on 147 U5M [3] . Secondly, we provide district level estimates of U5M for the SC and ST population. To our knowledge, no previous study has 148 examined district level variations in the under-five mortality rate (U5MR) among disadvantaged castes. Finally, we explain the caste 149 based gap in U5M by applying an extension Oaxaca-type decomposition for nonlinear models as suggested by Fairlie [29] . The findings 150 of this study can help to understand the factors behind the pervasive gap in U5MR between deprived and other caste groups in India.
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Data 153 
Ethics statement 154
The study is based on an anonymous publicly available dataset with no identifiable information on the survey participants and no ethics 155 statement is required for this research work. 156 162 using a two-stage sample design and covers all 640 districts as per the 2011 census. During the first stage, villages was selected as the 163 primary sampling units (PSUs) for rural areas with probability proportional to size, while for urban areas, census enumeration blocks 164 (CEB) were used. During the second stage, a random selection of 22 households in each PSU and CEB was made for rural and urban 165 areas, respectively. The unit level data is available from the DHS data repository and can be accessed on request. A detailed description 166 of the survey design of the NFHS-4 is available in the national report [30] .
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We restricted our analysis to the high focus states that used in previous studies [31] [32] [33] [34] with women belonging to 304 districts according The outcome variable in the study is U5M, which is defined as the probability of dying before reaching the age of five. We assigned a 178 value of "1" if the child died and "0" if the child was alive for the outcome variable.
179

Predictors 180
The predictors used in this analysis are broadly divided into three categories: demographic, socioeconomic and program variables. These 181 variables were considered as they were found to be important determinants of U5M in previous literature. Under demographic variables,
182
we included the sex of the child, the mother's age at the birth of her first child (<20, 20-24 and 25 years or more) and the birth order of 183 the children (1, 2-3 and 4+).
185 186
Under socioeconomic variables, we included caste affiliation, parents' level of educational attainment, type of residence and wealth 187 quintile of the household, type of fuel used for cooking, type of toilet facilities and source of drinking water. The caste group is the core 188 predictor used in this analysis. We categorized caste into three categories namely SC, ST and non-SCST. We categorized the mother and 189 father's level of education into three groups: primary or below (5 or less than 5 years of schooling), secondary (6 to 12 years of schooling) 190 and higher (more than 12 years of education).
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In terms of wealth, the NFHS survey did not collect information on income. The economic status of a woman was assessed by computing 194 a composite index of household wealth indicating possession of wealth or assets by the household to which they belonged. We computed 195 the wealth quintile of the household separately using the methodology followed in the fourth round of the NFHS. We excluded the 196 variables of sanitation, source of drinking water and cooking fuel while constructing the wealth index. Using the total score, a household 197 was categorized as belonging to the poorest, poorer, middle, richer and richest group. For convenience of analysis we grouped the five 198 categories of the wealth quantile into three simplified categories by combining the poorest and poorer group into a new category named 199 "poor", the middle group remained "middle' and the richer and richest groups were combined to form the "rich" category. Among the 200 program indicators, the place of delivery of the child (home vs institutional delivery) and frequency of antenatal care (ANC) visits (none, 201 1 time, 2-3 times and 4+) during the pregnancy of last birth was considered in our analysis. 
U5MR estimation 206
Mortality estimation was carried out using a dataset with full birth histories and information gathered from women aged 15 to 49 years 207 surveyed in the NFHS. In the analysis, we considered only those births and deaths that took place five years preceding the survey.
208
However, we chose the reference period of the district level U5MR estimates as "ten years prior to the survey date" in order to maximize 209 the size of the sample needed to estimate those rates at district level. We applied direct methods of mortality-rate estimation using data 210 on the children's date-of-birth and their survival status, as well as the date-of-death and age at death of deceased children. Rustein and 211 Rojas describe the synthetic cohort probability approach using the full birth history data of women aged 15 to 49 to estimate the U5MR 212 rate [35] on DHS data. A synthetic cohort life table approach used in a previous study (3) used the same method as that used to produce 213 the child mortality rate in DHS reports using the STATA package "syncmrates" [36].
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We carried out the district level estimations of the U5MR for SCs, STs and non-SC/ST populations separately, with a 95% confidence 217 interval and level of significance. Our inferences regarding the U5MR are strictly based on the districts for which 1) estimated U5MR 218 are statistically significant at a 10% level of significance; and 2) estimated mortality rates are greater than zero. Thus, we provide all 219 estimates in the appendices to this paper, and showed significant, insignificant, and "not enough sample size" in the districts for estimates 220 separately in Figure 2 .
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Statistical analysis 223
We used bivariate analysis to examine the differences in outcome and selected predictors between the SC, ST and non-SC/ST population.
224
A binary logistic regression model was employed to examine the association between U5M and exposure variables. All exposure 225 variables were tested with the variance inflation factor (VIF) to account for possible multi-collinearity before using the binary logistic 226 regression model.
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Decomposition analysis 229
The Blinder-Oaxaca decomposition technique [37, 38] is commonly used to identify and quantify the factors associated with inter-group 230 differences in the mean level of outcome. This technique, however, is not appropriate if the outcome variable is binary, such as child 231 mortality. Hence, we used the extension of the Blinder-Oaxaca technique developed by Fairlie [29] which is appropriate for binary 232 models, to decompose the gap between social groups with U5M risk into contributions that can be attributed to different factors. For the 233 decomposition analysis, we used the 'fairlie' command available for Stata. A detailed description of this method is discussed in appendix 234 (Appendix S1). We used STATA S.E. 15.0 (STATA Corp., Inc., College Station, TX) version software to carry out the mentioned 235 analysis in this study. We present district-level estimates of U5MR (S1 time before age 20. There are more children with a birth order of four or higher among the SC (23%) and ST (20%) population compared 291 to that for non-SC/ST children (18%). We also observed that the mother's level of education varies widely by caste group. The number 292 of parents with a secondary and higher level of educational attainment is lower for the parents of SC/ST children than for the parents of 293 non-SC/ST children. About 71% of SC and 83% of ST children belong to poor households compared to only 53% of non-SC/ST children.
294
Similarly, about 85% of SC and 93% of ST children live in rural areas, whereas 79% of the non-SC/ST children are rural inhabitants.
296
In terms of environmental factors, the use of solid fuel for cooking is higher among the households of SC (85%) and ST (93%) children 
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The regression results also revealed that parents' level of educational attainment has a statistically significant effect on reducing U5M
318
and as expected, U5M shows significant declines with increases in the educational level of the parents. Children are less likely to die 319 when their parents have completed secondary and higher education than children born to parents who have a primary level of education 320 or lower. Similar results were observed for household wealth as for educational attainment. As the level of wealth of the household 321 increases, the odds of U5M significantly decreases. It is important to note that the effect of parental education in the reduction of U5M 322 is more rigorous than the effect of the household wealth quintile. The odds ratio for children of a mother with a secondary level education 323 is 0.83 (p<0.01, SE:0.03) versus the odds ratio for children belonging to the middle wealth quintile, which is 0.90 (p<0.05, SE:0.05). The
324
odds ratio for children of highly educated mothers is 0.68 (p<0.01, SE:0.06) versus an odds ratio for children that belong to the "rich" 325 quintile, which is 0.75(p<0.01, SE:0.04).
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The age of mothers at the birth of their first child was found to be significantly associated with U5M. Children born to women aged 25 328 years or older had significantly higher odds (OR: 1.13, p<0.05, SE:0.06) of child mortality than babies born to women younger than 20 329 years. Birth order was significantly associated with U5M and the results show that children with a birth order of four or more (OR: 1.19, 330 p<0.01, SE:0.05) have a higher likelihood of dying before the age of five. Male children had slightly higher odds of dying before their 331 fifth birthday compared to female children, but the finding was not statistically significant.
333
Among the environmental factors, the type of toilet used is significantly associated with U5M. The likelihood of U5M is higher among 334 children from households with non-improved toilet facilities (OR: 1.14, p<0.01, SE:0.05) compared to children of households with 335 improved toilet facilities. Place of birth and number of ANC visits during pregnancy were found to be significant indicators in reducing 336 U5M in the high focused states of India. The likelihood of lower U5M was also increased when mothers were able to opt for institutional 337 delivery (OR: 0.92,p<0.05, SE:0.03) rather than home delivery. The findings also show that as the frequency of ANC visits increase, the 338 odds of U5M decreases significantly. 
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Results of the decomposition analysis 347
The results of the detailed decomposition are presented in Table 4 . To make our results more readable, we present the coefficient in terms data. The novelty of the study lies therein that, to our knowledge, this is the first study in India that provides district level estimates of 380 U5M and systematically investigates the factors explaining U5MR by caste groups using the most recent DHS data. This is also the first 381 study to document the association between caste and U5M in the post-NRHM period in India.
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Our study highlights a few important findings. First, the disparity in U5M, was profound by caste groups during the pre-NRHM period, 
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India's high mortality areas support previous findings that maternal education is more important in the reduction of U5M than household 408 wealth status.
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The decomposition analysis allows us to gain insight into the relative contribution of various factors in the caste-based gaps in the U5MR.
410
It demonstrates that the current gap in U5M by caste groups is mainly due to their disadvantages in terms of the economic conditions and 411 educational status of their parents. Unlike the results from the regression analysis, household economic status contributes the most to the 412 gap, followed by parental education. This indicates that there is a greater economic divide between well-off and deprived caste groups,
413
which explains the majority of the gap in U5M between caste groups. Since more than 50% of SC/ST households are from the poorest 414 backgrounds, it is not surprising that household economic status turned out to be the largest contributing factor in widening the caste gap 415 in terms of U5M. It is argued that poor SC/ST households do not have enough resources for child and maternal health care expenses. In 416 contrast, the non-SC/ST population is economically better off and more educated. They may have a more advanced view, more 417 knowledge about child care and preventive care (greatly associated with the modern healthcare system), as well as higher confidence in 
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Another possible initiative might be to involve the parents of SC and ST children in health-related intervention programs at village or 444 community level and educate them about preventive care for their infants at home and the importance of antenatal care for women during 445 pregnancy. In addition, sensitization to and creating awareness around preventive health care, maternal care, nutrition, awareness about 446 infectious diseases, the benefits of hygiene and sanitation, and subsidized maternal health care services among SC and ST populations,
447
should be increased through outreach programs.
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